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Abstract 
Diatraea tabernella Dyar is a key pest of sugarcane in Panama and causes significant crop losses. The 
objective of this study was to conduct a literature review of the Diatraea genus in Panama, focused 
mainly on D. tabernella, complemented with the identification of the most important morphological 
characteristics to determine the species D. tabernella. Reference data were collected from literature about 
Diatraea genus focused mainly in Panama. Adults, larvae and pupae were collected, preserved and later 
identified in the laboratory. Of the 41 species of the genus Diatraea reported in the most recent literature, 
seven are present in Panama, including D. tabernella. The most important morphological characteristics 
in D. tabernella were the presence of lateral lobes of the tegumen in male genitalia (adult), thoracic 
dorsal mesothelium (larva) and cephalic horns (pupa). The combination of these characteristics allows 
the identification of the species.   
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1. Introduction 
Diatraea tabernella is the most important pest in sugarcane in Panama [1, 2] causing significant 
yield losses [3]. Like any other lepidoptera stemborer, this species decreases sugar production 
by causing internal perforations into the sugarcane stalks [4-10]. Therefore taxonomic 
information is essential to formally identify pest species and develop appropriate management 
strategies. For example, this is of major importance for the success of biological control 
programs. The objectives of this study is to present a brief review of the taxonomy and 
description of the genus Diatraea, focused mainly on D. tabernella, and to identify 
morphological characteristics using larva, pupa and adult genitalia (male) to identified D. 
tabernella collected from sugarcane fields in Panama.  
 
2. Materials and Methods 
Reference data were collected from literature about Diatraea genus focused mainly in Panama 
was used using bibliographic resources from: Web of Science Core Collection and Google 
Schoolar.  
Adults, pupae and larvae of D. tabernella, were collected from field experiments on specific 
sampling points during 26 months (2015-2017) in sugarcane fields at Compañía Azucarera La 
Estrella (CALESA), Natá, Panama (Coordinates: N 08°17.448´, W 080°30.402´). The 
individuals found were preserved in glass vials containing 90% alcohol with a label 
mentioning the date, and the place of capture. 
For the identification of larvae and pupae, we used a stereo microscope (Leica® EZ4 D) with a 
zoom range from 8x-35x with 10x eyepieces. 
For the preparation and identification of the male genitalia we dissolved the insect material in 
a solution of 10% of potassium hydroxide. The samples were then heated for 10 minutes and 
left in the laboratory for 4 days at a room temperature of 25 °C. After this operation, materials 
were washed using 90% alcohol to remove the genitalia from the abdomen tissue. This 
operation was conducted in a 4-hole porcelain battery to clean the genitalia for 10 minutes per 
hole. With the help of a media such as Euparal balsam micro-preparation slides of the genitalia 
were mounted and identified using a microscope (Leica ® DM100) using 10x/0.25 and 
40x/0.65 lenses. 
Morphological description of D. tabernella was based on adults, larvae and pupae of field 
collected specimen. 
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3. Results and Discussion 
3.1 Literature review of D. tabernella in Panama 
The Larvae of this group of stemborers feed on stalks of 
Poaceae species such as sugarcane (Saccharum officinarum 
L.), corn (Zea mays subsp. mays L.), rice (Oryza sativa L.) 
and sorghum (Sorghum bicolor (L.) Moench) as well as on 
other native grasses [11]. Various descriptions of the genus 
Diatraea have been conducted since the subsequent 
systematic history of the main species of the genus and its 
economic importance was mentioned in 1828 by the Reverend 
Lansdown Guilding [12, 13]. The first overall description of 
Diatraea and the related genus was conducted in 1927 by 
Dyar & Heinrich (22 species and 9 new species described) 
including the species Diatraea saccharalis F. D. tabernella 
Dyar and Diatraea guatemalella Schaus using male and 
female genitalia [14]. This work was later revised by the 
publication of Holloway in 1928 [15] and by Box in 1931 [16], 
who recognized 48 species, including 10 new species. The 
group was then verified by Bleszynski in 1969 [17]. The most 
recent taxonomy revision of the genus was made by Solis and 
Metz in 2016 [11] and included 41 valid species (Including a 
checklist with 46 synonyms). This latest publication includes 
one dichotomous key of the male and female genitalia of the 
genus Diatraea using photos on micro-preparations, while 
previous descriptions were based on drawings [15, 17]. 
Chronologically, these lists were generated by Bleszynski 
(1967) [18], with 55 species, followed by Munroe et al. (1995) 
[19], with 57 species, Nuss et al. (2015) [20] with 58 species and 
Solis and Metz (2016) [11], with 41 species (Table 1). 
 
Table 1: List of species of Diatraea generated by Solis and Metz, 2016 
 
No. Species of Diatraea No. Species of Diatraea 
1 Diatraea albicrinella Box, 1931 22 Diatraea lentistrialis Hampson, 1919 
2 Diatraea andina Box, 1951 23 Diatraea lineolata (Walker, 1856) 
3 Diatraea argentina Box, 1951 24 Diatraea lisetta (Dyar, 1909) 
4 Diatraea bellifactella Dyar, 1911 25 Diatraea magnifactella Dyar, 1911 
5 Diatraea brunnescens Box, 1931 26 Diatraea maronialis Schaus, 1922 
6 Diatraea busckella Dyar & Heinrich, 1927 27 Diatraea minimifacta Dyar, 1911 
7 Diatraea castrensis Dyar & Heinrich, 1927 28 Diatraea mitteri Solis, 2015 
8 Diatraea cayennella Dyar & Heinrich, 1927 29 Diatraea muellerella Dyar & Heinrich, 1927 
9 Diatraea centrella (Möschler, 1883) 30 Diatraea myersi Box, 1935 
10 Diatraea considerata Heinrich, 1931 31 Diatraea pedibarbataDyar, 1911 
11 Diatraea crambidoides (Grote, 1880) 32 Diatraea postlineella Schaus, 1922 
12 Diatraea dyari Box, 1930 33 Diatraea ragonoti Box, 1948 
13 Diatraea evanescens Dyar, 1917 34 Diatraea rufescens Box, 1931 
14 Diatraea fuscella Schaus, 1922 35 Diatraea saccharalis (Fabricius, 1794) 
15 Diatraea gaga Dyar, 1914 36 Diatraea schausella Dyar & Heinrich, 1927 
16 Diatraea grandiosella Dyar, 1911 37 Diatraea strigipennella Dyar, 1911 
17 Diatraea guatemalella Schaus, 1922 38 Diatraea suffusella Box, 1931 
18 Diatraea impersonatella (Walker, 1863) 39 Diatraea tabernella Dyar, 1911 
19 Diatraea indiginella Dyar & Heinrich, 1927 40 Diatraea venosalis (Dyar, 1917) 
20 Diatraea instructella Dyar, 1911 41 Diatraea veracruzana Box, 1956 
21 Diatraea lativittalis (Dognin, 1910) 
  
 
In 1931 and 1935 [13, 16], Harold E. Box already mentioned the 
major Diatraea species present in Panama, namely Diatraea 
saccharalis (F.), Diatraea lineolata (Wllr.), Diatraea 
busckella Dyar & Heinr., highlighting Diatraea tabernella 
Dyar as the most important stalk borer of sugarcane in the 
country. Following this paper, other studies also highlighted 
the importance of D. tabernella as a key pest of economic 
incidence in sugarcane in Panama [17, 21, 22]. This species is 
also mentioned as pest in the region of Central America and 
Colombia (Cauca Valley), with another close species 
D.indigenella [23-26]. More recently, Solis and Metz (2016) [11] 
presented an updated list of 7 species present in Panama 
(Table 2).  
 
Table 2: List of Diatraea species in Panama (Solis and Metz, 2016) 
 
No. Species 
1 Diatraea bellifactella Dyar, 1911 
2 Diatraea busckella Dyar & Heinrich, 1927 
3 Diatraea gaga Dyar, 1914 
4 Diatraea lineolata (Walker, 1856) 
5 Diatraea lisetta (Dyar, 1909) 
6 Diatraea saccharalis (Fabricius, 1794) 
7 Diatraea tabernella Dyar, 1911 
 
Within the Crambinae subfamily, Diatraea is 
morphologically defined by a combination of derived 
characteristics including a lack of ocelli on the head. The 
presence of pockets with specialized male scales on the 
second abdominal segment tufts of hairs on the male posterior 
tibia, in the male genitalia of basal extensions of the tegumen 
in some species [27]. Another potentially derived structure in 
the male genitalia might be the lack of muscle attachments in 
the lateral lobes of the tegumen [11]. The most important 
description was made by Halloway et al. (1928) [15] in the 
USA describing in detail the characteristics of all stages of 
Diatraea species, eggs, larvae, pupae and adults that served as 
a reference for subsequent studies.  
They described the species D. tabernella as a moth of 
medium size, variable in size with brownish straw-colored 
anterior wing; non-aligned veins; two oblique, parallel, dotted 
outer lines; Discal dot small, black. Regarding the male, the 
lines are distinct, the posterior wing tinged with brown, while 
in the female the lines are 
fade or obliterate, the soil color lighter, more yellowish, while 
the hind wings are white. In the male, of the posterior tibia 
has a large tuft of straight lines, curves, blackish hairs. The 
front face of the head is conical produced with a central 
tubercle. 
Size of the body: Male: 18-28 mm. Female: 25-39 mm. Male 
genitalia are similar to those of D. saccharalis except 
narrower lateral lobes of the tegumen (much longer than 
wide), different forms of costal basal costal projection, 
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weaker gnathos thorns extending for only about one third of 
its length from the apex (Fig. 1 A). Female genitalia as in D. 
saccharalis (Fig. 1 B). Abdomen of males with a pair of 
lateral tufts on the second segment.  
 
  
 
A B 
 
Fig 1 (A-B): description of D.tabernella genitalia by Holloway et al. 1928; A) male (a. Lateral view, b. Ventral view) and B) female 
 
Later Bleszynski (1969) [17] generated a dichotomous key that 
considered adult traits and male and female genitalia for D. 
tabernella (Fig. 2 A-B). 
 
  
 
A B 
 
Fig 2(A-B): Description of D.tabernella genitalia A) male (a. Lateral view, b. Ventral view) and B) female 
 
Vargas et al. (2013) [25] in larvae suggested the use of the 
meso-thoracic dorsal shield as a means of distinguishing 
among the species of Diatraea given the great difficulties of 
the separation of Diatraea species using immature stages. The 
pupal stage provides more elements to distinguish species. 
For example, the cephalic horns in the D. saccharalis pupa 
are pointed at the end (ridge-like) whereas in D. tabernella 
they are rounded as in D. indigenella but shorter. Regarding 
the adult stage, the differences differences between the 
species are more pronounced and the posterior tibia of D. 
tabernella have a large clump of blackish hairs absent in D. 
saccharalis [17]. Following the descriptions proposed by 
Bleszynski (1969), Vargas et al. (2013) [25] prepared a key 
that considers three species found in the Cauca River Valley, 
Colombia, including D. saccharalis and D. tabernella (the 
most important specie in Panama), where they can be 
distinguished using male genitalia and, more precisely, the 
lateral lobes of the tegumen. In D. saccharalis tegumen the 
lateral lobes are larger and more rounded than in D. 
indigenella. Regarding D. tabernella the lateral lobes are 
quite similar to those of D. saccharalis, but much narrower 
and tapered.  
The preparation of the genitalia for identification, following 
the methodology from Clarke (1941) [28] and Robinson (1976) 
[29], includes the introduction of the female (Fig. 3A) or male 
(Fig. 3B) body in a bottle with a solution of 10% of potassium 
hydroxide (KOH). The flask is then placed in a beaker with 
boiling water. If staining is needed to see structures, the use of 
a saturated solution of black chlorazol for just a few seconds 
is required. Then, the genitalia parts can be stored in vials 
with glycerine if available, or 70% alcohol. 
 
  
 
A B 
 
Fig 3(A-B): A (Female); B (Male) Adult of Diatraea spp. (José Daniel Salazar (LAICA-DIECA)) 
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3.2 Identification based on D. tabernella morphological 
characteristics. 
During the sampling period 174 larvae (94.5%) (20 small, 147 
medium and 7 large), 11 pupas (5.9%) and 11 adults were 
captured (Table 3). 
 
Table 3: The total captures per stage of D. tabernella 
 
Stage 
Harvest 
2015 
% 
Growth 
2015 
% 
Harvest 
2016 
% 
Growth 
2016 
% 
Harvest 
2017 
% Total % 
Larva small (-2 cm) 4 21.05 1 4.55 2 6.67 13 16.25 0 0.00 20 10.81 
Larva medium (2-3 cm) 11 57.89 19 86.36 28 93.33 62 77.50 27 79.41 147 79.46 
Larva large (+3 cm) 2 10.53 0 0.00 0 0.00 5 6.25 0 0.00 7 3.78 
Pupa 2 10.53 2 9.09 0 0.00 0 0.00 7 20.59 11 5.95 
Total 19 100.00 22 100.00 30 100.00 80 100.00 34 100.00 185 100.00 
 
Using the samples collected, the morphological characteristics 
for identification of D. tabernella were detailed: 
Male genitalia of D. tabernella (micropreparations) with 
lateral lobes of the tegumen, longer than broad (Fig. 4 A. 
Lateral view - t = tegumen, lt = lateral lobes of the tegumen; 
Fig. 4 B. Ventral view - v = valvae). 
of D. tabernella with thoracic dorsal mesothelium that shows 
Larva a narrow median incision (im= incision medial; tm= 
Thoracic mesothelial tube) (Fig. 5 A-B) 
Pupa of D. tabernella with cephalic horns in the pupa are dull 
and round and short, at the end (ch=cephalic horns) (Fig. 6) 
 
  
 
A B 
 
Fig 4(A-B): Male genitalia of D. tabernella (micropreparations) 
 
  
 
A B 
 
Fig 5(A): Larva of D. tabernella
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Fig 6: Pupa of D. tabernella 
 
4. Conclusions 
Of the 41 species of the genus Diatraea reported in the most 
recent literature, seven (17.07%) are present in Panama, with 
D. tabernella being the most important pest in sugarcane 
plantations. This study allowed to characterize a major 
species present (D. tabernella) in sugarcane fields in Panama 
using dichotomous keys of adults, larvae and pupae already 
existing in the literature. The next step will be to work on 
molecular characterization of the species in Panama. The 
work on D. tabernella also need to be done regarding the sex 
pheromone, as no synthetic chemical product is currently 
available to effectively attract the species. The first 
identification for D. tabernella based on cytochrome oxidase 
II was conducted in Colombia [30]. 
 
5. Acknowledgement  
This research would not have been possible without the 
financial support of SENACYT/SFERE (Panama). CALESA 
(Compañía Azucarera la Estrella, S.A.) provided technical 
and logistical support, thanked for their support. I would like 
to thank people from the University of Panama for their 
collaboration, especially Dr. Enrique MEDIANERO and Dr. 
Cheslavo KORITKOWSKI. I would like to thank to José 
Daniel SALAZAR from the Departamento de Investigación y 
Extensión de la Caña de Azúcar (DIECA, Costa Rica) for 
their collaboration. I would also like to express my gratitude 
to Dr. Ana LOPEZ LLANDREZ (CIRAD, France) for 
reviewing the manuscript and making valuable comments. 
 
6. References 
1. Esquivel R. Basic studies on sugarcane resistant varieties 
to the giant borer (Castnia licus Drury) in Panama. 
Entomology Newsletter, International Society of 
Sugarcane Technologists. 1980; 8:8-9. 
2. Narvaes L. Caña de Azúcar. In: Andrews K, Quezada J. 
eds. Manejo Integrado de Plagas Insectiles en la 
Agricultura: Estado Actual y Futuro. Honduras: Escuela 
Agrícola Panamericana. El Zamorano, 1989, 623. 
3. Atencio R, Goebel FR, Pérez J, Rodríguez M, Fernández 
L. Yield Loss in Sugarcane Due to Diatraea tabernella 
Dyar (Lepidoptera: Crambidae) in Panama. Sugar Tech. 
2017; 19(6):579-583. 
4. Gamonal H. El barrenador gigante de la caña de azúcar: 
Castnia licus (Lep.: Castniidae). Revista Peruana de 
Entomología. 1989; 32:47-49.  
5. Rodríguez A, Sáenz C, Salazar J, Alfaro D, Oviedo R. 
Manejo Integrado del Barrenador Gigante de la Caña de 
Azúcar Castnia licus (Durry). In: Participación de 
DIECA en el XI Congreso Nacional Agronómico y de 
Recursos Naturales. San José, Costa Rica. LAICA-
DIECA. 1999, 151. 
6. Chaves M, Rodríguez A, Salazar J, Sáenz C. Plagas y 
fitosanidad de la caña de azúcar en Costa Rica. 5 to 
Congreso ATALAC-13 avo Congreso del ATACA-14 avo 
Congreso de ATACORI. 2000, 64.  
7. Sáenz C, Chaves M, Alfaro D, Rodríguez A, Salazar J, 
Oviedo R. Información y transferencia de tecnología un 
mejor manejo de los recursos: aplicaciones humanas para 
el control integrado de plagas en caña en Costa Rica. 5 to 
Congreso ATALAC-13 avo Congreso del ATACA-14 avo 
Congreso de ATACORI, 2000, 64. 
8. Macedo L. Bioecologia e manejo da broca-gigante, 
Castnia licus (Drury) (Lepidoptera: Castniidae), em cana-
de-açúcar. Universidade de São Paulo, 1773. 
http://www.bv.fapesp.br/pt/bolsas/53716/bioecologia-e-
manejo-da-broca-gigante-castnia-licus-drury-1773-
lepidoptera-castniidae-em-cana-de-acu/ (20 Novembre, 
2015).  
9. Gómez LA, Quintero EM, Jurado JA, Obando V, 
Larrahondo JE, González A. Una versión actualizada de 
las pérdidas que causan los barrenadores de la caña de 
azúcar en el valle del río Cauca. In: Memorias, VIII 
Congreso de la Sociedad Colombiana de Técnicos de la 
Caña de Azúcar (TECNICAÑA), Cali, Colombia. 2009, 
136-143. 
10. CENICAÑA. Barrenadores del tallo: Diatraea 
saccharalis y Diatraea indigenella. Sanidad Vegetal. 
CENICAÑA (Centro de Investigación de la Caña de 
Azúcar de Colombia), 1773. 
http://www.cenicana.org/investigacion/variedades/sanida
d_vegetal.php?opcion=2&opcion2=1. (27 Octobre, 
2014). 
11. Solis MA, Metz MA. An illustrated guide to the 
identification of the known species of Diatraea Guilding 
(Lepidoptera, Crambidae, Crambinae) based on genitalia. 
Zoo Keys. 2016; 565:73-121.  
12. Box HE. New records and three new species of American 
Diatraea (Lep. Pyral.). Bulletin of Entomological 
Research. 1935a; 26:323-333. 
13. Box HE. Trinidad, British West Indies. Fifth Congress of 
the ISSCT, Brisbane. The Species of Diatraea and Allied 
Genera Attacking Sugarcane, 1935b, 871-877.  
14. Dyar H, Heinrich C. The American moths of the genus 
Diatraea and allies. Proceedings of the United States 
National Museum. 1927; 71:1-48.  
15. Holloway TE, Haley WE, Loftin UC, Heinrich C. The 
sugar-cane borer in the United States. USDA Technical 
Bulletin. 1928; 41:77.  
16. Box HE. The crambine genera Diatraea and 
Xanthopherne (Lep: Pyralidae). Bulletin of 
Entomological Research. 1931; 22:1-50.  
17. Bleszynski S. The taxonomy of crambinae moth borers of 
sugarcane. In: Williams JR, Metcalf JR, Mungomery 
RW, Mathes R, eds. Pest of sugarcane. New York: 
Elsevier, 1969, 11-59. 
18. Bleszynski S. Studies on the Crambinae (Lepidoptera). 
Part 44. New Neotropical genera and species. Preliminary 
check-list of Neotropical Crambinae. Acta Zoologica 
Cracoviensia. 1967; 12:39-110.  
19. Munroe EG, Becker VO, Shaffer J, Shaffer M, Solis MA. 
Pyraloidea. In: Heppner JB. Ed. Atlas of Neotropical 
Lepidoptera Gainesville. Florida: Association for 
Tropical Lepidoptera & Scientific Publishers, 1995, 80-
105. 
 ~ 564 ~ 
Journal of Entomology and Zoology Studies 
 
20. Nuss M, Landry B, Mally R, Vegliante F, Tränkner A, 
Bauer F et al. Global Information System on Pyraloidea. 
http://www.pyraloid.org (20 February), 2016. 
21. Bennett FD. Current status of biological control of small 
moth borers of sugar cane Diatraea spp. (Lepidoptera: 
Pyralidae). Entomophaga. 1971; 16:111-124.  
22. Rodríguez V, Chavarría L, Gómez I, Peñalosa Y, Tejada 
M. Desarrollo del Parasitoide Cotesia flavipes Cámeron, 
1891 (Hymenoptera: Braconidae) en Diatraea tabernella 
Dyar y Diatraea saccharalis Fabricius, 1794 
(Lepidoptera: Pyralidae), y su Efectividad en el Control 
de Diatraea tabernella. Tecnociencia. 2004; 1: 85-94.  
23. Parada S, Ebratt E, Benavides M. Species Differenciation 
of Diatraea spp, which affect the sugarcane crops in 
Gualivá, Colombia. Revista Inventum (Facultad de 
Ingeniería Uniminuto). 2007; 3:69-78. 
24. Gómez L, Vargas G. Los barrenadores de la caña de 
azúcar, Diatraea spp. en el valle del río Cauca: 
investigación participativa con énfasis en control 
biológico. Documento de trabajo No.734. Centro de 
Investigación de la Caña de Azúcar de Colombia, 2014, 
133.  
25. Vargas G, Lastra LA, Solis MA. First record of Diatraea 
tabernella (Lepidoptera: Crambidae) in the Cauca River 
Valley of Colombia. Florida Entomologist. 2013; 
96(3):1198-1201. 
26. Vargas G, Gomez L, Michaud JP. Sugarcane Stem Borers 
of the Colombian Cauca River Valley: Current Pest 
Status, Biology, and Control. Florida Entomological 
Society. 2015; 98(2):728-735. 
27. Landry B. A phylogenetic analysis of the major lineage 
of the Crambinae and of the genera of Crambini of North 
America (Lepidoptera: Pyralidae). Memoirs on 
Entomology International. 1995; 1:1-242. 
28. Clarke JFG. The preparation of slides of the genitalia of 
Lepidoptera. Bulletin of the Brooklyn Entomological 
Society. 1941; 36:149-161. 
29. Robinson GS. The preparation of slides of Lepidoptera 
genitalia with special reference to the Microlepidoptera. 
Entomologist’s Gazette. 1976; 27:127-132. 
30. Barrera GP, Villamizar LF, Espinel C, Quintero EM, 
Belaich MN, Tolozal DL et al. Identification of Diatraea 
spp. (Lepidoptera: Crambidae) base don cytochrome 
oxidase II. 2017; PloS ONE. 2016; 12(9):e0184053.  
https://doi.org/10.1371/journal.pone.0184053 
